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S0ME PROBIEMS OF HUMORAL SHALIPOX IMMCHITY

[Folloving is the trmnulaticn of an artisle ¥y
V. X Vuu;rsv, et al, ix: the mim

(Received by editor 6 December 1962) |

Since the charscter of skin rssponsd in reressination
against saallpox has proven on wireliadle critezicn $x Midging
ingusceptibility (Mastyuicove et a1, Csol, Piskwaswe, Stevenson),
in recn$ years the needs of using determivetion of antibody lavels
for thie (Makauskas, Nosmegancya) has Woem iadtoated, Host
specislists {Dowrds; MoCarthy, and Dowdy) bold that sugtamalipoz iw-

mprity is related ¢o neutralisation by aniibtodies, wiile othere
(Mestyukova, Nesmeyanova) belisve that an Importint iadex of imamity
against smullpox is the level of satibewrggiutining, 5 gradual de-
oresse in ithe antibody level takes place £¢ Awdoniasian (Coliter
and Schonfeid); vasoinal imsnity is lost sud-the imdex of incoulsbility
zises (Cross).

Data.on the vatio and duretion of s pmm of varioun sntie
duo0rdiug to
the data of most investigators (Mineyeva, Dowienad Bodbiey) neutrelizing
antibodien are found in sera considexabdly lomqer than &re antiheesggin-
tining. Coaplemsnt~firing entidodies 40 not aypacr 13 all cases and
quickly dleeppesr (MoCarthy and Downie). The kind of skin remction
vpon incculation a3 a function of the oxiyinel satibody level has
basn little studied. GSome authors (Nemseysnowvs, Skrossikiy st al)
aspert that the quantity of antidodies Gatorinines the alinicel course
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of the inoculation, while others (Mineyeva) deny this dependenoce.
Presented in this report are results of the study of certain
debatable and little ' tudied probiems of humoral anti-smellpox immu-
nity. The recordi.g of results of revaccingtion of persons with
dermovaccine prepared &t the Institute of Epidemiology and Micro-
biology imeni Gamaleya was carried out on the third, fifth, anl seveath
¢ day and these regulta were found to be positive if the skin recaction
: folloved the primary type, and negstive, if it was shaent or folloved
vhe rapid type. Sera from inoculated patients was obtained by vena=
( puncture. The homagglutinationeinraibition reaction followed the ac-
i cepted method at room temperature, and contact of the serum containing
; é two hemagglutinating entigen units contirmed for 45-60 minutes. The
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componant~fixation reaction was performed according to the usual method,
and complement fixation was carried out at 4° for 18 hours., The neu-
trelizetion resction foilowed the method of McCarthy and Downie. Cone
tact of equal volumes of & mixture of various five-fold dilutions (up to
13127} of sera studied with a constant dose of amallpox virus (small-
pox-forming unit per ml) was carried cut at 35° for 2-2% hours.

During the firat series of experiments, we compared the ratio
_ between the antihemagglutinines and neutrslizing antidodies in the sera
‘ of 233 revaccinated persons (Table 1). The interval of time between
the last inoculation and blcod sampling ranced from 15-20 dsys to 12
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E Betio Botween Antihemagglutinins and Neutralising Antibodies
- —
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1 = 0 « unddluted serun redwoed the mumber of "potmarks" compared to
the control down to less than 50 %. 2 L = undiluted serum.
LEGEND: a) titer of aniihemaggiutinin; b) number of sera; c) absolute;

d) number of sers with giters of neutralizing antibodies (in percentage)
i listed; e) O £) {25 g) total.

The results of the experiments showed that among titers of the
reactions studied thsre was usually a direct dependence observed. For
exanple, the nuxber of sera necutralizing the virus &t the dilution >

115 wae 87.1, 91.5, and 100 %, respectivsaly, for sera with the following
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sntihemegglutinin titers -- 1310, 1:20=1140, ard 7180«13160. However,
the absence of antihomegglutinins in the 1110 titer s$ill did not si~
anify that nesutralising antibodiers was totally in thege titerss
thesa entities were contained at & 155 titsr in 67.8 $ of such sers and
vere totally lecking only in 6.4 % of aara studied.

The presence &8 lovel of entihemagglutining, noutmmlieing and
oomplenent-fixating antibodies sampled si the semo pericde of itime
following revecoination. It wes estiblished that if the antihems-
gglutinin titer wvas less than 1110, complmment-fizesing antibodses in
the 1190 titer were also abeent, vhile ot the 1:10=1:40 tisers, thay
vare determined in 35.4 ¥ of sara studied, snd wers present ot titers
zr h‘lO«-igg in 100 %, in sers having high satihemaggliutinin levels

138012160},

In & cosperative study of the level of satihomgglutinins and
neutralising antibodics in sere sampled at dilferent times following
inoculstion (Tadle 2, it vas establiished thad in 15-20 days after
revacoination, 92.% ¥ of the sere ocutaine? santihemagglutinins in
ditere > 11103 in 1< months the punder of negeiively recoting sera
increased to 30/5 ¢ in following periods (ss much as wp to 12 months) _. -
the nunber of positive sers remained spproximately at the same level™
(87.6-80.2 %), but muzkedly dacressed in 1.5+2.5 years (74.35 %). 1
A1though 4he mean antihemagglutinin titer during the course of the
year rssuined at the seme level (1:20), a distinct tremd to decressad
anti oontent was observed. In 1.5+2.5 yeszs folloving revacoination
60.25 % o2 4had sers did not oontain thoes antitodies or contain them
at 8 lov titer (1410). A aimilar regulazity wes obpexved with
$o necutralising antibodies. In adiitiom, it vas coteblished Zaé
uwoa & posiiive as well ss & negative skin rogetion the extent wf anti-
body level decresase was antirely the same.

In other investigations, we detemxinad she effect of $he iatsrval
batveen inoculations and their frequency on the level of bumcrol fumsity
{Tabie 3). It vas established that the meen leval cf
antibodiee i3 a direct funotion of the fraqusty of rewsccination and
the total sumber of inoculations. This lewd) reached Righ weluss
(1325) even after the first inoculaticn in & grown of perscns revacoinated
every svix months. After the last ¢wo reveccimsticns, the level of
nmitoalising antibodies incroased markediy amd averaged after four
incoulations 11125, It must be noted that not ot of the 54 sers
investigated within this group of individuals contained nesirslising
antitodies &% a titer less than 1:5. A piuilar {rregularity wuis also
noted alfter & once reported revsccination &% an interval of & yeexr,

Fox the oase of & eingls revaccinstios, in #wo years 32 £ of tde sere
oonsained neutralising antidodies culy in the naked ssxrum and their
average titer war lowsr than othsr groupe of inowulsted perscus (1:5).

A clonrly pronounced dwpendence of the antihemaggliutinin level
oo the frequenqy of zevaocinations and ihe totsl mmber of incoulaticas
wos lacking. Tis vas dus to the feot $hat in noat onses porsans with
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TABLE 2
fntibody Lovel at Differgmt Timea Following Last Revaccination
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1/, =38/ ro53 1w} | 78/30 35,55!34,5; 25,6511,8 2,61:1020° 163,525 |11,711:5

The rumcrator stands for the number of sera investigated in the
hemagglutinin-inhibition resciion, the denocminator stands for the
minber of sers invsstigated tyr the neutralization resction.

LEGEND: a) time following last revacoination; b) number of sers in-
veatigateds o)-fiumbcr of sers with different titers (in per cent);

4) antihemagglutinins; e) averaged; f) neutralizing antibodies;

g) undiluteds h) svereged; i) 15-20 dayss; j) 1-3 months; k) 4-6 months;
1) 7-12 months; a) 1.5-2.5 years,

high content of reutralizing antibcdies following rsvaccination at
short intervels were not found to evidence subsequent increase in
antih utinin titer.
7hé thhredter of skin resctions wes found to be a function
of the period following the last revascination. For revaccinations
after six months, positive skin reaction was noted in 23 of 103 (22.3 %),
in & yeer --'in 51 of 132 (38.6 5), and in two years -~ in 37! of 862
(43 ;5 of persone examined.

- Comparison of the skin reacticn 2t the original antibody level
revesled that in'a "group of persons with negative skin reaction, the
mean level of antihemagglutining wes twice as high, and the levsl of
neutralizing antibodics even five times as high as in persons with
positive skin resction. BHowsver, significant individual wariations
were observed: in 5 of 23 persons with the inoculetory remction a
high antihemsggiutinin level (1:40) and & high neutralizing antibody
level (1:125) were recorded,vhile in 9 of 80 persons with negative skin
resaction antihemagglutining were not found even at a titer of 1310,

It mist be noted that at-a sufficiently high antibody level and posi-
tive skin reaction, further increase in antibody numbers usually was
not observed. Thess facts evidenced that in some cases the character
of gkin reaction upon inoculstion depended not only on the original
antivody level; tut 'slsc on local tissus immunity, which was supported
by the folloving observations.. When ruvaceinmtions were carried out,
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TABLE 3
Antibody Level in Different Groups of Inooulunts in
15=-20 Days Following Last Revscoination
ey (el)  Gnero GIbUpsTeR © DESTANT THTHMMA
‘d) ':h) ":“‘_‘:": (€ DIVRICELPCANB A (g e arpansryoni eavives
wexcay opuease | epwom | K0mae [~ | | L LY gl (2
Kszot soc | s | g I g1,
Trex "'2 8¢}~ g ol 84 ;
VIZ{E|2l R a REFK
!
: 16238l viaoiity 71 sfs:50] 8} 8118] ©f 1:25
§ necais 2 |s7/28) 5iisl25)s2| 7)1 ) t] 8f10] 9| i:%5
(i 3 ypansf zl2{16120! aip:50] 21 &[] 6} 1:%
4 14231 1] 8110715 813:40] O 8] G174 21:125
8 [20/15) 2| 6] 51 4| 3t1:%0] 0] 6] 6 9| >1:188
& [1/8 1 1] 21 31 8 218231 0] 1) 21 8] »1:128
§ | : s 1:28
x { 24/18 10110} 8] 6j1:20) a 2! 8
LRk {0 3 el 8118 21 61 ol1:200 0} 0l 8] 6l 11128
s (/) : 32/25! ?! o 8[ 7| l}l:uﬁ 2] 9§ 71 1] 18

Resmrke as for Tavle 2.

LBGEND: &) intervil between inoculntionss b} mumber of inozulationsy
o) number of sere investigated; d) mumber of sers with titezs as
listed; @) sntidmesgglutining; f) aversges g) neutrelizing antidodies
bh) undiluted; 1) aversge; j) six monthss kg one year; 1) two ysars.

N

& negative okin reaciion wes ohssrved in 1421 inooulamts, In five dge,
they were reinoculeted with vaccine of the same serien, on the other
hand, and in 895 persons (62.9 %) a positive skin. resction developed.

Our observations showed that in aers oontaining antihemagglutinins
neutralising antitodies sre alvays prezeni. The number of sers con-
tedning neutraiising antibodies only in the native state wes slight.
Bovever, vs should recall that the abeence of sntihemsgplutining evie«
dently doss not point to en abeence of humoral immmity, since in thege
pcrm; neutralixing antidodies can be pregsant and evon sometines st
high titer.

Therefore, we do not exclude the poesidility that the estimete
of imamity intensity only from results of the henoggliutinin-inhitition
Tenotion can be somevhat understated.

When. revaccimation was carried out at an interval of & yoar,
the peroentsge of positive skin reactions exoseded 30 %, thet $s, ihe
value at vhich mmss revacoinetion of the Togicn's population was
necessary, where it was ostablished

OS.




contingente of persons and once more ghowed that judgment of the loss
of imminity sgninst amgllpox from an estimate of the character of
skin reaction is not reliable.

Serological indices of the spot check of immunity intensity in

thoe group of persons reveccinated at an interval of two years were
satisfectory, However, it must be noted that 21.9 % of those inocu-
latod did not have antisemagglutinins, and the number of sers neutrali-
sing virus only in the mative state amounted to 32 %, Some of these
persons exhibited & low level of smallpox defensze. Increasing the
extent of imsunity in these persons can proceed cnly by reducing the
schedules between revascination or by incressing the quality of the
: smallpox vaccines. Therefore requirements of the quality of smallpox
= { vaoociney must be raised, especially for revacoinations, up to the re-
i cotmendations of the World Health Organization and control instructions
:i of vaccine use must inoclude the determination of preparation activities
A by titration on chick ambryos or equivalent tests using the sensitivity
of tissue cultures.
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Conclusions
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—4. The ratio of humoral antismallpox antibodies has been studied.
Beutralizing antibodies were found in 99.1 %, antihemagglutinins -- in
86.7 #, complement-fixating antibodies -~ in 50 % of sera examined. A
direst reletionship was found between the lavel of antihemagglutinins
and nsutzalising antibodies.

2. Following revacoination, a gradusl drop in antihemegglutinin
level wks observed and in 1.5-2.5 years antih utinins were contained
. , in 60.25 % of the inooulanis at a low titer (1310) or were absent

( entirely. Neutralising autidodies diesppeared considersbly more slowly
* and by the same period of time had been determined in 80 % of inoculants
at a titer not leas than 1:5.

3. The level of neutrslising antibodies depended on the total
mmber of inoculatione and intervals between such treatments. A high
level of these antibodies (sweraging-+efiw—35-10425)> vas observed in
revaceinatione performed at s&n interval of 6-12 months. The level of
neutralizing antidbodies in revaccinations made &fter two years was
considersbiy lowsr (averaging 1:5),) The-antihemagglutinin-level -could
not be established ronounced function of the total number
of inoou and the intervals between such treatments.

— -4."71In persons reacting negatively to inoculation, before re-
vaccination: he msan antibody lsvel was higher than in persons
rescting positively. Howover, significant individual fluctuations

‘% _ in thetahl.ncd ter of skin reaéstion mot coinciding with the antibody level
3 vas noted.

")

$

w"
- Mot
.

3

S APEET

Ao’ AR
-
&
¥

T

-W’

[

p

oFe

5 %;
R L3t 3
R T

3 J3 N%{ :

A1

1
v
%




5. The estimate of the ocollective immunity from xesulte
of inoculetory reactions wee not refleacted in the original state 3
of immunity, therefore an appraissl of the anti.smallpox ismmmnity :
is best sought for {rom results of sampling dstarmization of anti- g
bodies. Revaccinaticn of the population must de carried out in the o
case in which 25 % snd more of sera examined do not contain anti-
hemagglutinini at a titer of 1:10,
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